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(54) Electrical connecting apparatus 

(57) An externa! connector mounted on a printed 
circuit board of a steering system is composed of a first 
movable carriage to which flexible terminals are 
secured, a second movable carriage for guiding the first 
movable carriage in the X direction, and a support car- 
riage for guiding the second movalsle carriage in the Y 
direction so that the first and second movable carriages 
can move in the X and Y directions, respectively, with 
respect to the support carriage. In connecting a fixed 
direct coupler of a rotary connector is connected to the 
thus constructed external connector, if the fixed direct 
coupler is displaced with respect to the external connec- 
tor, the first and second movable carriages of the exter- 
nal connector move in the X and Y directions, 
respectively, with respect to the support carriage, 
whereby the relative displacement between the fixed 
direct coupler and the external connector can be 
absorbed. 


FIG. 9 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an electrical con- 
necting apparatus for providing continuity between two 
devices with a direct coupling type connector, and more 
particularly, to an electrical connecting apparatus suita- 
ble for use between a rotary connector and a steering 
system of an automobile. 

2. Description of the Related Art 

A rotary connector is briefly comprised of a pair of 
housings connected so as to be rotatable relative to 
each other, and a flexible cable wound around a storage 
section defined between the housings. Both ends of the 
flexible cable are electrically led out of each of the hous* 
ings while being fixed thereto. One of the housings is 
used as a movable member and the other one is used 
as a stationary member. When the movable housing is 
rotated in either normal and reverse directions, the flex- 
ible cable is wound up or rewound in the storage section 
in accordance with the direction of rotation. 

The rotary connector thus briefly constructed is 
incorporated in a steering system of an automobile 
which is an external device, and used as an electrical 
connecting means such as an air bag circuit or a horn 
circuit in such a manner that a movable housing is 
mounted to a handle which is a rotor member, and a 
fixed housing is mounted to a combination switch which 
is a stator member. It is necessary to connect an exter- 
nal connector mounted to the external device, such as 
an air back inflator and a horn switch, etc. to the flexible 
cable of the rotary connector, so that the tip of the flexi- 
ble cable led out of the housing is provided with connec- 
tor terminals corresponding to the external connector. 

Hitherto, as disclosed in U. S. Patent No. 5.229,544 
for example, direct coupling type rotary connectors have 
been known in which the connector terminals are fixed 
to the housing itself, and the external connector of an 
external device is directly connected to the connector 
terminals. Since the direct coupler is formed integrally 
with the housing, such rotary connectors not only offer a 
merit in assembly operation in which the rotary connec- 
tor is mounted at a predetermined position of the steer- 
ing system and the direct coupler can be simultaneously 
connected to the external connector, but also can sim- 
plify the structure and are advantageous in reducing the 
size thereof, as compared with rotary connectors of the 
type in which the tip of the flexible cable or a lead wire 
led out of the housing is provided with a specialized 
connector. 

In the above conventional direct coupling type 
rotary connectors, the direct coupler is formed integrally 
with the housing and the direct coupler is connected to 
the external connector when the rotary connector is 


mounted at the predetermined position of the steering 
system. Therefore, unless the direct coupler of the 
rotary connector and the external connector of the 
steering system are correctly aligned, it becomes diffi- 

5 cult to conned the direct coupler to the external connec- 
tor. Particularly, when a guide mechanism for guiding 
the rotary connector to the mounting position of the 
steering system is adopted for the purpose of improving 
assembly operability, there arises a problem in that the 

10 direct coupler cannot be connected to the external con- 
nector only when the direct coupler and the external 
connector are slightly displaced to each other. 

Such a problem also arises in various electrical 
connecting apparatuses for providing continuity 

15 between two devices with a direct coupling type connec- 
tor. 

SUMMARY OF THE INVENTION 

20 It is an object of the present invention to provide an 
electrical connecting apparatus in which at least one of 
a direct coupler of a first device and an external connec- 
tor of a second device is provided with a movable mech- 
anism for absorbing the relative displacement 

25 therebetween, whereby, even if the mounting positions 
of the first and second devices vary slightly, the variation 
is absorbed by the movable mechanism, so that the 
direct coupler can be securely connected to the external 
connector 

30 According to an aspect of the present invention, 
there is provided an electrical connecting apparatus, 
comprising: a first device having a direct coupler; and a 
second device having an external connector to which 
the first device is mounted at a predetermined position, 

35 and connected to the direct coupler, wherein at least 
one of the direct coupler and the external connector is 
provided with a movable mechanism for absorbing the 
relative displacement therebetween. 

Any component may be employed for the first and 

40 the second devices so long as they are directly coupled 
at the same time they are mounted. However, the first 
device may preferably be a rotary connector for provid- 
ing continuity between a pair of rotatably connected 
housings through the flexible cable, and the second 

45 device may preferably be a handle of a steering system 
of an automobile, or a device at the side of a vehicle 
body 

In addition, when an insertion guide for fitting the 
rotary connector is provided on the handle, or the 

50 device at the side of the vehicle body, and a displace- 
ment correction portion is provided between the direct 
coupler and the external connector, the direct coupler 
can be easily inserted into the external connector. 
Any component may be used for the movable 

55 mechanism so long as it can absorb the relative dis- 
placement between the direct coupler and the external 
connector. For example, a movable mechanism may be 
employed which is composed of a pair of movable car- 
riages controlled to move in directions perpendicular to 
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each other, and flexible terminals held by the movable 
carriages. 

In addition, a movable mechanism may be 
employed which is composed of a support carriage for 
supporting a flexible cable, and movable carriages mov- 
ably connected to the support carriage through the flex- 
ible cable. 

Further, a movable mechanism may be employed 
which is composed of a movable carriage movably con- 
nected to the support carriage through elastic mem- 
bers, and flexible terminals held by the movable 
carriage. Particularly, when the elastic members are 
three dimensionally deformable, the movable mecha- 
nism can absorb not only the horizontal (X and Y direc- 
tions) displacement but also the vertical (Z direction) 
displacement. 

BRIEF PESCRIPTIpJlpF THE DRAWINGS^ 

Fig. 1 is a perspective view showing a rotary con- 
nector and a printed circuit board according to an 
embodiment of the present invention; 
Fig. 2 is a perspective view showing an embodi- 
ment of a movable mechanism; 
Fig. 3 is a perspective view showing a terminal 
included in the movable mechanism, shown in Fig. 
2: 

Fig. 4 illustrates butt surfaces of a direct coupler 

and an external connector ; 

Fig. 5 is a plan view showing another embodiment 

of the movable mechanism; 

Fig. 6 is a sectional view of Fig. 5 taken in one 

direction; 

Fig. 7 is a sectional view of Fig 5 taken in another 
direction; 

Fig. 8 is a plan view showing another embodiment 

of the movable mechanism; 

Fig. 9 is a perspective view showing further emtxxl- 

Iment of the movable mechanism; and 

Fig. 10 illustrates an operation of the movable 

mechanism shown in Fig. 9. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiments will be described with 
reference to the accompanying drawings. 

Referring to Fig. 1. a rotary connector 1 (a first 
device) is fitted on a printed circuit board (a second 
device), and the printed circuit board 2 is previously 
fixed inside a combination switch, etc. of a steering sys- 
tem (not shown). The rotary connector is briefly com- 
prised of a fixed housing 3 and a movable housing 4 
connected so as to be rotatabie; and a flexible cable 
(not shown) which is wound into the housings 3 and 4 in 
a spiral form, for example. The fixed housing 3 has a 
plurality of mounting pieces 5 formed thereon, and a 
shaft insertion hole 4a is formed in the center of the 
movable housing 4. The flexible cable is called a flat 
cable in which a plurality of conductors are laminated by 


a belt-shaped insulating film, and one end thereof is 
guided to a fixed direct coupler 6 formed integrally with 
the fixed housing 3, and connected to connector pins 
(not shown) in the fixed direct coupler 6. The other end 

5 of the flexible cable is guided to a movable direct cou- 
pler 7 formed integrally with the movable housing 4. and 
connected to connector pins (not shown) inside the 
movable direct coupler 7. 

On the other hand, a plurality of columns 8 are dis- 

10 posed on the printed circuit board 2. and each column 8 
has a stepped portion 8a, which is a mounting surface 
of the fixed housing 3, at the center thereof. An external 
connector 9 is mounted on the printed circuit board 2, 
and the external connector 9 can be moved by a mova- 

75 ble mechanism, which is described later, in the X and Y 
directions. The fixed direct coupler 6 of the rotary con- 
nector 1 is connected to the external connector 9, and 
an external connector provided on a handle (not shown) 
is connected to the movable direct coupler 7. 

20 As shown in Fig. 2. the external connector 9 com- 
prises a first movable carriage 11 for holding a plurality 
of terminals 10, a second movable carriage 12 for guid- 
ing the first movable carriage 1 1 in the X direction, and 
a support carriage 13 for guiding the second movable 

25 carriage 12 in the Y direction, so as to form the above- 
described movable mechanism. As shown in Fig. 3. a 
flexure 10a is formed in the middle of each terminal 10, 
thereby providing sufficient flexibility to the terminal 10. 
Each terminal 10 is projected from the tower surface of 

30 the support carriage 13. and soldered to a land (not 
shown) of the printed circuit board 2. 

In the embodiment constructed as described 
above, in order to incorporate the rotary connector 1 
into the steering system, a steering shaft (not shown) is 

35 first inserted in the shaft insertion hole 4a of the rotary 
connector 1. and the rotary connector 1 is pushed 
toward the printed circuit board 2 with each mounting 
piece 5 positioned while being guided by the corre- 
sponding column 8. When each mounting piece 5 is 

40 pushed until it strikes the stepped portion 8a, the fixed 
direct coupler 6 is inserted into the first movable car- 
riage 11 of the external connector 9, whereby connector 
pins (not shown) of the fixed direct coupler 6 are con- 
nected to the terminals 10 of the external connector 9. 

45 At this time, if the fixed direct coupler 6 is slightly dis- 
placed with respect to the external connector 9, undesir- 
able stress is applied to a connection although a 
connector fitting is made. However, the pins of the direct 
coupler 6 strike a tapered portion 9a serving as a dis- 

50 placement correction portion around a pin socket of the 
external connector 9 so as to move the first and second 
movable carriages 11 and 12 of the external connector 
9 in the X and Y directions, respectively, with respect to 
the support carriage 13. whereby the relative displace- 

55 ment between the fixed direct coupler 6 and the external 
connector 9 is absorbed and the undesirable stress 
applied to the connection is eliminated, so that a reliable 
electrical connection can be obtained. As another 
example of the displacement connection portion, either 
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or both butt surfaces of the fixed direct coupler 6 and the 
first movable carriage 1 1 are chamfered, as shown in 
Fig. 4. The chamfering allows the fixed direct coupler 6 
to be easily inserted into the external connector 9 even 
though the fixed direct coupler 6 and the external con- 5 
nector 9 are slightly displaced to each other. Thereafter, 
each mounting piece 5 is secured to the stepped portion 
8a of each column 8 by screws, whereby installation of 
the fixed housing 3 in the steering system is completed. 

Then, a steering hub is pressed into the steering 10 
shaft, a handle integral with the steering hub is locked 
with the movable housing 4. and an external connector 
(not shown) attached to the handle is connected to the 
movable direct coupler 7, whereby installation of the 
movable housing 4 in the steering system is completed, is 
At this time, when the external connector at the side of 
the handle is provided with the same movable mecha- 
nism as that of the external connector 9 at the side of 
the printed circuit board 2. the relative displacement 
between the external connector at the side of the handle 20 
and the movable direct coupler 7 is absorbed, so that a 
reliable electrical connection can be obtained. In addi- 
tion, when either or both butt surfaces of the movable 
direct coupler 7 and the external connector at the side of 
the handle are chamfered in such a manner as shown in 
Fig. 4, the movable coupler 7 and the external connec- 
tor at the side of the handle can be easily fitted even 
though they are slightly displaced to each other. 

In the above-described embodiment, an insertion 
guide is provided on each column 8. However, if screw 
guide hole (not shown) is provided in each stepped por- 
tion 8a of the column 8 instead of the insertion guide, 
the fixed direct coupler 6 is inserted into the external 
connector through the displacement con'ection portion 
by screwing in a screw through each hole of the mount- 
ing piece of the rotary connector 1. In this case, the 
screw guide hole provided In the stepped portion 8a and 
the screw screwed therein serve as the insertion guide. 

In addition, in the above-described embodiment, 
although the movable mechanism for absorbing the rel- 
ative displacement between the fixed direct coupler 6 
and the external connector 9 is provided on the external 
connector 9, such a movable mechanism may be pro- 
vided on the fixed direct coupler 6. That is, as shown in 
Figs. 5 to 7, one end of the flexible cable 14 is fixed to a 
support carriage 15 of the fixed housing 3, and then 
guided to a movable carriage 17 movably arranged 
between the support carriage 15 and a bottom plate 16, 
so that the movable mechanism of the fixed direct cou- 
pler 6 is formed by the flexible cable 1 4 and the movable 
carnage 17. One end of the flexible cable 14 is fixed to 
the movable carriage 17 through a coupling portion 14a 
and bent back in the movable carriage 17 so that lead- 
ing directions thereof are perpendicular to each other, 
and a plurality of conductors 14b forming connector ter- 
minals are exposed at the bent back portion. 

According to the embodiment constructed as 
desaibed above, in installing the fixed housing 3 of the 
rotary connector 1 on a predetermined position of the 
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steering system, even if the fixed direct coupler 6 of the 
rotary connector 1 is displaced with respect to the exter- 
nal connector 9 of the steering system, the coupling 
portion 14a of the flexible cable 14 is deformed to move 
the movable carriage 17 in the X and Y directions, 
whereby the relative displacement between the fixed 
direct coupler 6 and the external connector 9 is 
absorbed, so that a reliable electrical connection can be 
obtained without application of undesirable stress to the 
connection. 

According to another embodiment shown in Rg. 8, 
the movable carriage 17 of the fixed direct coupler 6 is 
coupled to the fixed housing 3 through four elastic arms 
1 8, and the elastic arms 1 8 and the movable carriage 1 7 
form the movable mechanism of the fixed direct coupler 
6. In this case, although the conductors 14b of the flexi- 
ble cable 14 are exposed in the movable carriage 17 to 
form connector terminals, it is also possible to use flexi- 
ble terminals, such as those shown in Fig. 3. Each of the 
elastic arms 18 sire formed integrally on four surfaces of 
the movable carnage 17 which are perpendicular to 
each other. By deformation of the elastic arms 18. the 
movable carriage 1 7 moves in the X and Y directions so 
as to absorb the relative displacement between the 
fixed direct coupler 6 and the external connector 9, 
whereby a reliable electrical connection can be 
obtained. 

According to a further embodiment as shown in Fig. 
9, the movable carriage 17 of the fixed direct coupler 6 
is coupled to a support carriage 15 of the fixed housing 
3 through four elastic columns 19, and the elastic col- 
umns 19 and the movable carriage 1 7 form the movable 
mechanism of the fixed direct coupler 6. Each of the 
elastic columns 19 are formed of a compression 
deformable material, such as rubber, and arranged 
between the support carriage 15 and the movable car- 
riage 1 7 with good balance. The flexible cable 1 4 led out 
of the fixed housing 3 is guided to the movable carnage 
17, and conductors 14a are exposed in the movable 
carriage 1 7 to form connector terminals. 

According to the embodiment constructed as 
described above, in installing the fixed housing 3 of the 
rotary connector 1 to a predetermined position of the 
steering system, even if the fixed direct coupler 6 of the 
rotary connector 1 is displaced with respect to the exter- 
nal connector 9 of the steering system, each of the elas- 
tic columns 19 are deformed to move the movable 
carriage 1 7 in the X and Y directions, as shown In Figs. 
10A and 10B. whereby the relative displacement 
between the fixed direct coupler 6 and the external con- 
nector 9 is absorbed. In addition, in Inserting the fixed 
direct coupler 6 into the external connector 9. even if the 
connector terminals thereof are displaced in the direc- 
tion of insertion, each of the elastic columns 19 are 
compressed and deformed to move the movable car- 
riage 17 in the Z direction, as shown in Fig. IOC. There- 
fore, the movable mechanism of the fixed direct coupler 
6 can absorb not only the horizontal (in the X and Y 
directions) displacement but also the vertical (in tiie Z 
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direction) displacement, whereby the connector termi- 
nals of the fixed direct coupler 6 and those of the exter- 
nal connector 9 can be securely connected. 

Incidentally, the movable mechanism of the fixed 
direct coupler 6 shown in Figs. 5 to 10 may be applied to 
the movable direct coupler 7. In addition, when both of 
the housings 3 and 4 of the rotary connector 1 are used 
as direct connectors, the movable mechanism may be 
applied to the fixed direct coupler 6 and the movable 
direct coupler 7, respectively. 

As described above, according to the present 
invention, at least one of the direct coupler (first device) 
and the external connector (second device) are pro- 
vided with the movable mechanism for absorbing rela- 
tive displacement therebetween. Therefore, even if the 
mounting positions of the first and second devices vary 
slightly, the variation can be absorbed by the movable 
- mechanism.-whereby-the direct coupler can-be securely - 
connected to the external connector, and a reliable elec- 
trical connection can be obtained. 

Claims 

1. An electrical connecting apparatus, comprising: 

a first device having a direct coupler; and 
a secorxJ device having an external connector 
to which said first device is mounted at a prede- 
termined position, and connected to said direct 
coupler. 

charaaerized in that at least one of said direct cou- 
pler and said external connector are provided with a 
movable mechanism for absorbing the relative dis- 
placement therebetween. 

2. An electrical connecting apparatus according to 
daim 1. wherein said movable mechanism includes 
a pair of movable carriages controlled to move in 
directions perpendicular to each other, and flexible 
terminals held by said movable can^iages. 

3. An electrical connecting apparatus according to 
claim 1. wherein said movable mechanism includes 
a support carriage for supporting a flexible cable, 
and movable carriages movably connected to said 
support carriage through said flexible cable. 

4. An electrical connecting apparatus according to 
claim 1. wherein said movable mechanism includes 
a movable carriage movably connected to a support 
caniage through elastic members, and flexible ter- 
minals held by said movable carriage. 

5. An electrical connecting apparatus according to 
claim 4. wherein said elastic members are three 
dimensionally deformable. 


any of claims 1 to 5. wherein said first device is a 
rotary connector for providing continuity between a 
pair of rotatably connected housings through the 
flexible cable, and said second device is a handle of 
5 a steering system of an automobile, or a device at 
the side of a vehicle body. 

7. An electrical connecting apparatus according to 
claim 6, wherein insertion guides for fitting said 
10 rotary connector are provided on said handle, or the 
device at the side of the vehicle body, and a dis- 
placement correcton portion is provided between 
said direct coupler and said external connector. 

IS 8. An electrical connecting apparatus, comprising: 

a rotary connector for providing continuity 

between-a-pair-of-rotatably-conneeted~hous- 

ings, said rotary connector having a direct cou- 
20 pier; and 

a handle of an automobile steering system, or 
a device at the side of a vehicle body having an 
external connector connected to said direct 
coupler. 

25 

characterized in that at least one of said direct cou- 
pler and said external connector are provided with a 
movable mechanism for absorbing the relative dis- 
placement therebetween. 

30 

9. An electrical connecting apparatus according to 
claim 8, wheran insertion guides for fitting said 
rotary connector are provided on said handle or the 
device at the side of the vehicle body. 

35 

10. An electrical connecting apparatus, comprising: 

a rotary connector for providing continuity 
between a pair of rotatably connected hous- 
40 ings, said rotary connector having a direct cou- 

pler; and 

a handle of an automobile steering system, or 
a device at the side of a vehicle body having an 
external connector connected to said direct 
45 coupler. 

characterized in that at least one of said direct cou- 
pler and said external connector are provided with a 
nnovable mechanism for absorbing the relative dis- 
50 placement therebetween, and insertion guides for 
fitting said rotary connector are provided on said 
handle, or device at the side of the vehicle body. 

11. An electrical connecting apparatus according to 
55 any of claims 8 to 10. wherein a displacement cor- 
rection portion is provided between said direct cou- 
pler and said external connector. 


6. 


An electrical connecting apparatus according to 
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(54) Electrical connecting apparatus 


(57) An external connector mounted on a printed 
circuit board of a steering system is composed of a first 
movable carriage to which flexible terminals are 
secured, a second movable carriage for guiding the first 
movable carriage in the X direction, and a support car- 
riage for guiding the second movable carriage in the Y 
direction so that the first and second movable carriages 
can move in the X and Y directions, respectively, with 
respect to the support carriage. In connecting a fixed 
direct coupler of a rotary connector is connected to the 
thus constructed external connector, if the fixed direct 
coupler is displaced with respect to the external connec- 
tor, the first and second movable carriages of the exter- 
nal connector move in the X and Y directions, 
respectively, with respect to the support carriage, 
whereby the relative displacement between the fixed 
direct coupler and the external connector can be 
absorbed. 
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